Warburg micro syndrome (WARBM) is a genetic heterogeneous disease characterized by microcephaly, intellectual disability, brain, ocular, and endocrine anomalies. WARBM1-4 can be caused by biallelic mutations of the RAB3GAP1 (RAB3 GTPase-activating protein 1), RAB3GAP2, RAB18 (RAS-associated protein RAB18), or TBC1D20 (TBC1 domain protein, member 20) gene, respectively. Here, we delineate the so far largest intragenic homozygous RAB3GAP1 microdeletion. Despite the size of the RAB3GAP1 gene deletion, the patient phenotype is mainly consistent with that of other WARBM1 patients, supporting strongly the theory that WARBM1 is caused by a loss of RAB3GAP1 function. We further highlight osteopenia as a feature of WARBM1.
Warburg micro syndrome (WARBM) is a rare autosomal recessive disorder characterized by neurodevelopmental abnormalities such as congenital or postnatal microcephaly, severe intellectual disability, pachy-or polymicrogyria, and hypoplasia/agenesis of the corpus callosum as well as ocular manifestations including congenital cataract, microcornea, microphthalmia, and optic atrophy [1] [2] [3] . Further features of WARBM comprise hypothalamic hypogonadism, epilepsy, limb spasticity, and joint contractures. WARBM1 (MIM#600118) is caused by biallelic mutations of the RAB3 GTPase-activating protein 1 gene RAB3GAP1 (2q31; MIM*602536), WARBM2 (MIM#614225) by mutations of the RAB3 GTPase-activating protein 2 gene RAB3GAP2 (1q41; MIM*609275), WARBM3 (MIM#614222) by mutations of the RAS-associated protein RAB18 gene RAB18 (10p12.1; MIM*602207), and WARBM4 (MIM#615663) by mutations in the TBC1 domain protein, member 20, gene TBC1D20 (MIM*611663). Most mutations were predicted to result in nonsense-mediated mRNA decay and/or loss-of-protein-function [1, 2, [4] [5] [6] [7] , putatively explaining the lack of a genotype-phenotype correlation. We here report the largest RAB3GAP1 gene microdeletion to date in patients with WARBM1 and compare their phenotype with that of other WARBM1 patients. The two index patients were born at term without complications as the first and second child of healthy, consanguineous parents of Kurdish-Armenian descent ( Figure 1 ). Pregnancies were uneventful, and anthropometric data in the first months of life were reported to be normal by the parents. Both patients were diagnosed with bilateral cataracts in the first months of life, and cataract surgery was performed in patient IV.2. The parents noted progressive hypotonia with loss of head control and finally developmental delay when their child did not attempt to roll within the first year of life. At first presentation at 6 (IV.1) and 5 (IV.2) years-of-age, the patients were not able to roll over, sit, stand, or speak, exhibited a short stature, dystrophy, and microcephaly (IV:1: height 90 cm, 16 cm <3. centile, −5.2 SD; weight 11 kg, 4 kg <3. centile, −3.4 SD; head circumference 47 cm, 1.5 cm <3. centile, −2.6 SD; IV.2: height 95 cm, 6 cm <3. centile, −3.3 SD; weight 10,3 kg, 5 kg <3. centile, −3.7 SD; head circumference 45 cm, 4 cm <3. centile, −3.8 SD), and had bilateral cataracts (unilateral iatrogenic aphakia in IV.2), microcornea, and microphthalmia. Bilateral cryptorchidism was present in IV.2. In both patients, poor head control, sparse voluntary movements, axial hypotonia, thoracolumbar scoliosis, lower-limb-spasticity and contractures, and unilateral hip dislocation were apparent. Cranial MRI revealed bilateral parietal pachygyria, dysgenesis of the corpus callosum with agenesis of the splenium, prominent fissura sylvii, mild cerebellar atrophy, and hypotrophic optic chiasma in both patients (Figure 1 , Additional file 1: Figure S1 ). Their short stature was associated with severe osteopenia, mild growth hormone deficiency (levels −2.2 to −3 SDS), but appropriate bone age and normal calcium, phosphate, alkaline phosphatase serum levels (Figure 1 ). Vitamin D supplementation over 8 months did not improve osteopenia. We identified the largest intragenic RAB3GAP1 microdeletion published to date in the index patients through (Table 1) , thereby firmly supporting the theory that all WARBM1 phenotypes are caused by a loss of RAB3GAP1 function and/or by nonsensemediated mRNA decay. Surprisingly, some WARBM1associated neuro-ophthalmological anomalies were absent in our patients, such as ptosis and nystagmus, delayed myelination, cerebral atrophy, and seizures [1, 2, [8] [9] [10] [11] . Such mild phenotypic variability of WARBM1 is not well understood.
Osteopenia present in our patients has not been highlighted in WARBM so far. While osteopenia can result from vitamin D deficiency, it may also be caused by RAB3GAP1 dysfunction itself as RAB3GAP1 arrests the activity of the osteoclastic bone resorption promoter RAB3D [12] . Uncontrolled activity of the latter is associated with bone structure defects in humans [12] . Osteopenia through RAB3GAP1 deficiency is supported by (i) the serum findings in our patients arguing against a severe rachitis secondary to vitamin D deficiency and (ii) the ineffectiveness of vitamin D supplementation with respect to osteopenia in the patients. In summary, we report that even the largest microdeletion of 45% of RAB3GAP1 provokes a rather typical WARBM1 phenotype. We thereby strongly support the theory that all truncating RAB3GAP1 mutations generate a loss-of-protein-function and/or nonsense-mediated-mRNA-decay and therefore result in a similar phenotype. Only hypomorphic RAB3GAP1 mutations induce the milder Martsolf syndrome phenotype [5, 9, 13] . Severe osteopenia needs to be considered as a feature of WARBM, and future insight into the role of RAB3D in WARBM may help to understand skeletal abnormalities and assist in establishing a therapeutic approach.
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